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Abstract
Objective(s)
Describe unintentional drowning deaths in rivers, creeks and streams (rivers) in Australia
and identify risk factors to inform prevention.
Design & Setting
This study is a cross-sectional, total population audit of all unintentional fatal drownings in
Australian rivers between 1-July-2002 and 30-June-2012 using Australian coronial data. A
modified Bonferroni test has been applied, deeming statistical significance p<0.03 and
p<0.04 respectively.
Results
Rivers (n = 770; 26.6%) were the leading location among the 2,892 people who died from
unintentional fatal drowning. This is a rate of 0.37/100,000 people / annum. Within river
drowning deaths common groups include; males (80.4%), adults (85.3%), adults who have
consumed alcohol (25.5%), people who fell in (21.3%), people involved in non-aquatic
transport incidents (18.2%) and locals (74.0%). Children were 1.75 times more likely than
adults (p<0.04) to drown in rivers as a result of a fall and adults 1.50 times more likely to
drown in rivers as a result of watercraft incidents when compared to children. When com-
pared to males, females were 2.27 and 4.45 times respectively more likely to drown in rivers
as a result of incidents involving non-aquatic transport (p<0.04) and being swept away by
floodwaters (p<0.04). Males were 2.66 and 4.27 times respectively more likely to drown in
rivers as a result of watercraft incidents (p<0.04) and as a result of jumping in (p<0.04)
when compared to females.
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Conclusion(s)
While rivers are the leading location for drowning in Australia, little is understood about the
risks. This study has identified key groups (males, adults, locals) and activities. While males
were more likely to drown, the risk profile for females differed.
Introduction
Drowning is a neglected public health issue, with an estimated 372,000 lives lost worldwide per
annum [1]. The majority occur in low and middle income countries as a result of activities
associated with daily life [2]. This is in contrast to drowning deaths in high income countries
which generally occur recreationally [1].
Until now drowning prevention research has focused on young children (particularly those
under five). This has been successful in reducing drowning deaths of young children in private
swimming pools predominantly through improved pool fencing [3]. In contrast, a systematic
review of literature published between 1980 and 2014 found there had been little research that
specifically focused on drowning in rivers, creeks and streams (henceforth referred to as rivers),
nor is the profile of river drowning victims well understood [4]. In studies published to date
internationally, the crude death rate per 100,000 people for fatal river drowning varied from a
low of 0.20 to a high of 1.89 [4].
Since the completion of the systematic literature review, the World Health Organization
(WHO) has published a global report on drowning, identifying it as a world-wide issue [1].
Subsequent to the release of this report, studies have continued to be published on the issue of
drowning prevention [5–6]. Little research has been published on the issue of drowning in riv-
ers, however several papers identify natural waterways (which includes rivers) as common
drowning locations [7–9]. One of these studies modelled unintentional drowning mortality
rates in Thailand (2000–2009), finding most drowning deaths occurred in rural areas, however
did not explore specific drowning locations [7]. A Chinese study exploring drowning of
migrant children found they were at an increased risk of non-fatal drowning, often in natural
waterways, however they did not specifically separate out drowning location [8]. A third study
exploring unintentional drowning mortality rates across 60 countries identified that natural
waterways were high (e.g. 93% in Finland, 87% in Panama and 85% in Lithuania), again not
identifying specific aquatic locations within the broad grouping of natural waterways [9].
These studies continue to highlight the challenges around understanding river-specific drown-
ing [4].
Factors identified in the literature that have been found to increase the likelihood of fatal
drowning in rivers include: being male, alcohol, swimming and the use of watercraft and a
range of ages, with no consistency between publications [4]. A recent systematic literature
review identified gaps in the published literature including the need for a consistent definition,
national population level studies focusing solely on rivers, clarity on risk factors for river
drowning and evidence for the effectiveness of proposed prevention strategies to reduce fatal
river drowning [4].
To date there has been little epidemiological research into drowning deaths in rivers, due in
large part to the difficulty in identifying the specific location of rivers within the coding (e.g.
ICD) utilised for location of drowning in hospital and causes of death data [4]. Research has
highlighted the shortcomings of the ICD coding framework which leads to underestimation of
overall drowning [10–11]. A lack of specificity for location of drowning within the ICD frame-
work sees location of drowning segmented into swimming pool, bathtub and natural waterway
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(a catch-all code that includes beach, ocean, river, lake etc) [12]. In Australia coronial data pro-
vides the most comprehensive and accurate opportunity to explore the casual factors of drown-
ing deaths in detail [13].
Nationally, rivers have been identified as accounting for a fifth (20.3%) of all unintentional
drowning deaths in Australia between 2002–2007 [14], making rivers the leading location for
drowning in Australia. The prevention of unintentional river drowning deaths is of concern
and has been identified by the Australian Water Safety Council (AWSC) as a key priority area
for the drowning prevention sector in their bid to achieve a 50% reduction in drowning by the
year 2020 [15]. There is a need for in-depth epidemiological analysis to identify risk factors to
inform strategies for prevention. As such this paper aims to, for the first time, undertake a total
population study from Australia describing unintentional fatal drowning in rivers.
Methods
Data for the 10 year period 1 July 2002 to 30 June 2012 was sourced through privileged access
to the Australian National Coronial Information System (NCIS) (JHREC—CF/15/13552). Eth-
ical approval for the project was also provided by James Cook University (HREC—H6282).
Cases in the NCIS remain open (i.e. under investigation) until such time as the Coroner makes
a ruling as to cause of death and the case is closed. This specific 10 year period has been chosen
to minimise the number of cases still under coronial investigation and therefore strengthen the
data presented. At time of analysis, 93.1% of cases were closed. For open cases, data is correct
as at 1 October, 2015.
Data relates to unintentional fatal drowning only. This is because different prevention strategies
would need to be considered for intentional (i.e. self-harm, homicide, infanticide) injuries (includ-
ing drowning) [16]. Deaths as a result of crocodile or shark attack were also excluded. Cases where
intent was unlikely to be known or where the coroner has made an open finding were included.
Cases were included where the primary medical cause of death was drowning, or drowning was a
contributing factor. Cases where the victim was found in the river but the cause of death did not
mention drowning (e.g. multiple drug toxicity or blunt force trauma) were not included.
Rivers, creeks and streams were defined as “. . .A natural waterway that may be fed from
other rivers or bodies of water draining water away from a ‘catchment area’ to another
location. . .” [4,17] and “. . .can vary in water flow, length, width and depth. . .” [18]. Non-
aquatic transport relates to means of transport not primarily designed or intended for aquatic
use such as motor vehicles, motorbikes, tractors, bicycles and aeroplanes among others. A pre-
existing medical condition was defined as a disease or injury that was present prior to the
drowning event that was documented in either the pathology/autopsy report or coronial find-
ing. Categories of medical conditions were coded using the International Statistical Classifica-
tion of Diseases and Related Health Problems 10th Revision [12].
Variables collected included age, sex, activity prior to drowning, time of day of drowning,
day of the week and season of drowning, alcohol involvement, geographical location of inci-
dent, residential and incident postcode, remoteness classification of incident postcode, visitor
status and Indigenous status [17]. Indigenous status refers to those known to be Aboriginal,
Torres Strait Islander or both Aboriginal and Torres Strait Islander. Where Indigenous status
was unknown, this was assumed to be ‘no’ for the purposes of analysis.
Due to difficulties around interpreting blood alcohol content (BAC) for drowning victims
[19], alcohol involvement was deemed where a BAC was available (either in the autopsy or tox-
icology report) and was0.05% (that is 0.05 grams of alcohol in every 100 millilitres of blood).
Cases where alcohol was known to be consumed but no BAC was available were deemed
unknown for alcohol involvement.
Epidemiology of Fatal River Drowning in Australia
PLOS ONE | DOI:10.1371/journal.pone.0160709 August 12, 2016 3 / 15
Time of incident was coded into four groupings for analysis: morning (6:01am to 12pm),
afternoon (12:01pm to 6pm), evening (6:01pm to 12am) and early morning (12:01am to 6am).
For the time of incident variable, where time could not be determined a coding of 9999
(unknown) was used.
The remoteness classification of an incident postcode is calculated based on a range of factors
including distance and isolation frommajor services. The remoteness classification was coded to
the Australian Standard Geographical Classifications (ASGC) and calculated using the Doctor
Locator website, a site which provides ASGC classification by inputting a postcode [20]. Drown-
ing rates per 100,000 population were calculated using population data from the Australian
Bureau of Statistics (ABS) [21] and excluded international tourists. Drowning rates by remote-
ness of incident location (for Indigenous and non-Indigenous people) were calculated using Cen-
sus population data by remoteness classification for the years 2001 [22], 2006 [23] and 2011 [24]
and averaged out to determine average population and yearly drowning rate.
Visitor status was calculated by determining the distance, in kilometres, between the resi-
dential and incident postcodes using Google Maps [25]. A distance of 100km or less was classi-
fied as ‘Not A Visitor’; those who resided within the same State or Territory with a distance
greater than 100km, were classified as an ‘Intrastate Visitor’; those who drowned in a different
State or Territory and were greater than 100km from where they resided were classified as
‘Interstate Visitors’. Those with a residential postcode of 7777 (i.e. live overseas) were classified
as ‘International Tourists’. Children were defined as aged 0–17 years and adults were defined
as aged 18 years and over. In Australia, 18 years is the age a child reaches adulthood for the
purposes of the criminal law [26].
Data coding and analysis was conducted in IBM SPSS V20 [27]. Descriptive statistics and
chi squared analysis were utilised. A modified Bonferroni test suggested by Keppel [28] has
been applied and therefore statistical significance was deemed p<0.03 (Table 1) and p<0.04
(Tables 2 and 3) respectively. Non-parametric chi squared analysis was also conducted using
the proportional basis of the population as the assumed outcome numbers.
Relative risk (RR) for risk factors within river drowning victims was calculated, along with a
95% Confidence Interval (CI). When calculating relative risk, females and children were used
as the control groups. Relative risk and chi squared analysis were conducted without the
‘unknown’ variable–e.g. presence of alcohol was calculated using the ‘yes’ and ‘no’ variables
only. Where variable analysis presents cases of four or less, the term NP (not presented) has
been used for both numbers and percentages in Tables 1 and 2.
Results
During the study period 2,892 people died as a result of unintentional fatal drowning. Of these,
770 people drowned in rivers (26.6%), 487 in Ocean / Harbour locations (16.8%) and 440 at
Beaches (15.2%), making rivers the leading location for drowning in Australia.
Annual crude drowning rates per 100,000 population have remained steady across the study
period ranging from a high of 0.48 in 2010/11 (the year of the Queensland floods which
claimed the lives of 22 people [29]) to a low of 0.27 in 2004/05. (Fig 1)
Males accounted for 80.4% (a rate of 0.59 per 100,000 population) of drowning fatalities in
rivers. When compared to females drowning in rivers, males drown in rivers at a rate that is
4.15 times higher (X2 = 284.4; p<0.001) (Table 1).
The mean age of river drowning victims was 42.0 years (males 41.7 years; females 43.5
years) (Table 2). Over half (55.1%) of all deaths occur between 25–64 years. People aged 75
+ years recorded the highest age-specific drowning rate per 100,000 population in rivers at
0.60, with the lowest rate seen in the 5–9 years age group (0.19). (Fig 2)
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People aged 75 years and over drown in rivers at a rate that is 2.55 (CI: 1.69–3.85) times that
of children aged 0–4 years. This was followed by 55–64 year olds at 1.89 times (CI: 1.27–2.81)
and 18–24 year olds at 1.87 times (CI: 1.25–2.79). Age was found to be statistically significant
for drowning in rivers (X2 = 56.6; p<0.001). (Table 1)
Table 1. Drowning deaths in rivers by sex, age group, state or territory of incident, Aboriginal and/or Torres Strait Islander status and remoteness
classification of incident location, crude drowning rate per 100,000 population and relative risk (RR) with 95% confidence interval (CI), Australia,
2002/03 to 2011/12 (N = 770).
Total Crude rate / 100,000
population
Relative Risk (RR) with 95% Confidence Interval (CI) comparing drowning
deaths in rivers to the relevant population
Χ2 (p value) a
Total 770 0.36
Sex
Male 619 0.59 4.15 (3.47–4.95) 284.4
(p<0.001)Female 151 0.14 1 b
Age Group
0–4 years 32 0.23 1 56.6
(p<0.001)5–9 years 26 0.19 0.82 (0.49–1.38)
10–14 years 28 0.20 0.86 (0.52–1.43)
15–17 years 27 0.32 1.37 (0.82–2.28)
18–24 years 91 0.44 1.87 (1.25–2.79)
25–34 years 110 0.37 1.57 (1.06–2.33)
35–44 years 106 0.34 1.47 (0.99–2.19)
45–54 years 105 0.36 1.55 (1.04–2.30)
55–64 years 103 0.44 1.89 (1.27–2.81)
65–74 years 64 0.43 1.82 (1.19–2.78)
75+ years 78 0.60 2.55 (1.69–3.85)
State or Territory of Incident Location
Australian Capital
Territory (ACT)
5 0.14 1 260.6
(p<0.001)
New South Wales
(NSW)
268 0.39 2.69 (1.11–6.52)
Northern Territory (NT) 43 1.98 13.73 (5.44–34.66)
Queensland (QLD) 217 0.52 3.62 (1.49–8.79)
South Australia (SA) 34 0.21 1.49 (0.58–3.81)
Tasmania (TAS) 35 0.70 4.90 (1.92–12.50)
Victoria (VIC) 107 0.20 1.42 (0.58–3.49)
Western Australia (WA) 61 0.28 1.96 (0.79–4.88)
Aboriginal and/or Torres Strait Islander Status c
Yes 82 1.32 3.93 (3.12–4.94) 164.2
(p<0.001)No 688 0.34 1
Remoteness Classification of Incident Location d
Major Cities 217 0.16 1 1333.4
(p<0.001)Inner Regional 226 0.58 3.62 (2.58–5.09)
Outer Regional 196 1.01 6.37 (4.47–9.06)
Remote 49 1.58 9.95 (5.65–17.53)
Very Remote 82 4.57 28.76 (18.08–45.73)
a A modified Bonferroni test has been applied meaning statistical significance is deemed at p<0.03.
b Where relative risk (RR) was calculated, the group with the lowest rate was used as the reference point.
c Where Indigenous status was unknown, this was assumed to be ‘no’ for the purposes of analysis.
d Population data is only available for three population census years (2001, 2006 and 2011), therefore a 12 year average for deaths and a three year
average for population have been used to calculate crude rates.
doi:10.1371/journal.pone.0160709.t001
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Aboriginal and Torres Strait Islanders drown in rivers at a rate that is 4.62 (CI: 3.67–5.83)
times that of non-Indigenous people in rivers (Table 1). Indigenous river drowning victims
also recorded a younger mean age (31.5 years) when compared to non-Indigenous victims
(43.2 years) (Table 2).
The prevalence of male drowning was most pronounced in the 25–34 years age group
(90.9%) male followed by the 15–17 years age group (88.9% male). (Fig 2)
A fall into water was the leading activity prior to drowning in rivers (21.3%), followed by
incidents involving non-aquatic transport (18.2%) and swimming (16.2%). Activity immedi-
ately prior to drowning was unknown in 16.0% of cases. (Table 2)
When examining activity prior to drowning in rivers by sex of the victim, females were 2.27
and 4.45 times more likely respectively to drown as a result of incidents involving non-aquatic
transport (χ2 = 22.4; p<0.04) and being swept away by floodwaters (χ2 = 15.3; p<0.04). When
Table 2. River drowning deaths by mean age, sex and children or adults by activity immediately prior to drowning, presence of alcohol, pre-exist-
ing medical condition and Aboriginal and/or Torres Strait Islander status, and relative risk (RR) with 95% confidence interval (CI), Australia, 2002/
03 to 2011/12 (N = 770).
Total Mean Age with
95% Confidence
Interval (CI)
Male Female a Relative Risk (RR) with
95% Confidence
Interval (CI) comparing
females to males for
river drowning deaths
Χ2 (p
value) c
Children a Adults Relative Risk (RR) with
95% Confidence Interval
(CI) comparing children
to adults for river
drowning deaths
Χ2 (p
value) c
N % N % N % N % N %
770 100 42.0 (40.4–43.6) 619 80.4 151 19.6 113 14.7 657 85.3
Activity Immediately Prior to Drowning
Falls 164 21.3 44.5 (40.1–48.8) 123 75 41 25 0.99 (0.72–1.36) 3.3
(p = 0.069)
38 23.2 126 76.8 0.57 (0.42–0.77) 6.3
(p = 0.012)
Non-
aquatic
Transport
140 18.2 44.8 (40.9–48.6) 92 65.7 48 34.3 0.47 (0.35–0.63) 22.4
(p<0.001)
24 17.1 116 82.9 0.83 (0.56–1.23) 0.0
(p = 0.916)
Swimming 125 16.2 31.6 (28.9–34.3) 109 87.2 16 12.8 1.66 (1.01–2.72) 5.1
(p = 0.023)
23 18.4 102 81.6 0.76 (0.51–1.14) 0.3
(p = 0.606)
Watercraft 107 13.9 41.4 (37.7–45.1) 98 91.6 9 8.4 2.66 (1.37–5.13) 10.9
(p = 0.001)
11 10.3 96 89.7 1.50 (0.83–2.71) 4.0
(p = 0.047)
Jumped In 37 4.8 26.3 (22.1–30.5) 35 94.6 NP
b
NP 4.27 (1.04–17.55) 5.3
(p = 0.022)
9 24.3 28 75.7 0.54 (0.26–1.10) 1.6
(p = 0.211)
Swept
Away
23 3 48.3 (38.3–58.3) 11 47.8 12 52.2 0.22 (0.10–0.50) 15.3
(p<0.001)
NP NP 20 87 1.15 (0.35–3.80) 0.3
(p = 0.620)
Other 51 6.6 43.6 (38.5–48.8) 49 96.1 NP NP 5.98 (1.47–24.30) 9.0
(p = 0.003)
NP NP 50 98 8.60 (1.20–61.63) 8.8
(p = 0.003)
Unknown 123 16 49.8 (46.4–53.2) 102 82.9 21 17.1 NP NP 119 96.7
Presence of Alcohol (0.05)
Yes 196 25.5 41.7 (39.4–44.0) 166 84.7 30 15.3 1.35 (0.96–1.91) 2.7
(p = 0.098)
7 3.6 189 96.4 4.64 (2.24–9.61) 33.4
(p<0.001)No 321 41.7 41.3 (38.5–44.0) 253 78.8 68 21.2 72 22.4 249 77.6
Unknown 253 32.9 43.3 (40.5–46.1) 200 79.1 53 20.9 34 13.4 219 86.6
Pre-existing Medical Condition
Yes 288 37.4 53.5 (51.1–55.8) 234 37.8 54 35.8 1.06 (0.83–1.34) 0.2
(p = 0.668)
14 4.9 274 95.1 3.37 (2.04–5.54) 72.6
(p<0.001)No 211 27.4 26.8 (24.3–29.3) 169 27.3 43 28.5 72 34.1 139 65.9
Unknown 271 35.2 41.8 (39.4–44.3) 216 34.9 54 35.8 27 10 244 90
Aboriginal and/or Torres Strait Islander Status
Yes 82 10.6 31.5 (28.0–35.0) 66 80.5 16 19.5 1.01 (CI: 0.60–1.69) 0.0
(p = 0.912)
20 24.4 62 75.6 0.53 (0.34–0.85) 5.0
(p = 0.025)No 584 75.8 43.2 (41.3–45.0) 467 80 117 20 86 14.7 498 85.3
Unknown 104 13.5 44.1 (40.1–48.0) 86 82.7 18 17.3 7 6.7 97 93.3
a Where relative risk (RR) was calculated, females and children have been used as the control groups
b NP = not presented for variables where case numbers amounted to four deaths and under
c A modified Bonferroni test has been applied meaning statistical significance is deemed at p<0.04.
doi:10.1371/journal.pone.0160709.t002
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Table 3. River drowning deaths by sex and children or adults by visitor status, remoteness classification of incident, season of drowning incident
and time of day of drowning incident and relative risk (RR) and 95% confidence interval (CI), Australia, 2002/03 to 2011/12 (N = 770).
Total Male Female a Relative Risk (RR) with
95% Confidence
Interval (CI) comparing
females to males for
river drowning deaths
Χ2 (p
value) d
Children a Adults Relative Risk (RR) with
95% Confidence Interval
(CI) comparing children
to adults for river
drowning deaths
Χ2 (p
value) d
N % N % N % N % N %
770 100.0 619 80.4 151 19.6 113 14.7 657 85.3
Visitor Status
Not a
Visitor
570 74.0 454 79.6 116 20.4 0.95 (0.86–1.05) 0.4
(p = 0.508)
87 15.3 483 84.7 0.95 (0.85–1.07) 0.1
(p = 0.711)
Visitor–
Intrastate
110 14.3 87 79.1 23 20.9 0.92 (0.60–1.41) 0.1
(p = 0.755)
21 19.1 89 80.9 0.73 (0.47–1.12) 1.7
(p = 0.192)
Visitor—
Interstate
46 6.0 40 87.0 6 13.0 1.63 (0.70–3.76) 1.4
(p = 0.234)
NP
b
NP 42 91.3 1.81 (0.66–4.94) 1.5
(p = 0.217)
Visitor—
Overseas
21 2.7 18 85.7 NP NP 1.46 (0.44–4.90) 0.4
(p = 0.519)
0 0.0 21 100.0 UTBC c 3.8
(p = 0.051)
Unknown 23 3.0 20 87.0 NP NP NP NP 22 95.7
Remoteness Classification of Incident Location
Major
Cities
217 28.2 183 84.3 34 15.7 1.31 (0.95–1.81) 3.0
(p = 0.084)
26 12.0 191 88.0 1.26 (0.88–1.81) 1.8
(p = 0.186)
Inner
Regional
226 29.4 171 75.7 55 24.3 0.76 (0.59–0.97) 4.5
(p = 0.033)
33 14.6 193 85.4 1.01 (0.74–1.37) 0.0
(p = 0.970)
Outer
Regional
196 25.5 161 82.1 35 17.9 1.12 (0.82–1.54) 0.5
(p = 0.474)
29 14.8 167 85.2 0.99 (0.70–1.39) 0.0
(p = 0.956)
Remote 49 6.4 39 79.6 10 20.4 0.95 (0.49–1.86) 0.0
(p = 0.884)
7 14.3 42 85.7 1.03 (0.48–2.24) 0.0
(p = 0.937)
Very
Remote
82 10.6 65 79.3 17 20.7 0.93 (0.56–1.54) 0.1
(p = 0.787)
18 22.0 64 78.0 0.61 (0.38–0.99) 3.9
(p = 0.049)
Season of Drowning Incident
Summer 295 38.3 239 81.0 56 19.0 1.04 (0.83–1.31) 0.1
(p = 0.730)
53 18.0 242 82.0 0.79 (0.63–0.98) 4.1
(p = 0.042)
Autumn 145 18.8 112 77.2 33 22.8 0.83 (0.59–1.17) 1.1
(p = 0.289)
18 12.4 127 87.6 1.21 (0.77–1.91) 0.7
(p = 0.393)
Winter 157 20.4 128 81.5 29 18.5 1.08 (0.75–1.55) 0.2
(p = 0.687)
16 10.2 141 89.8 1.52 (0.94–2.44) 3.1
(p = 0.075)
Spring 173 22.5 140 80.9 33 19.1 1.03 (0.74–1.45) 0.0
(p = 0.840)
26 15.0 147 85.0 0.97 (0.67–1.40) 0.0
(p = 0.881)
Time of Day of Drowning Incident
Morning 147 19.1 123 83.7 24 16.3 1.25 (0.84–1.86) 1.1
(p = 0.306)
23 15.6 124 84.4 0.93 (0.62–1.38) 0.0
(p = 0.944)
Afternoon 321 41.7 254 79.1 67 20.9 0.92 (0.76–1.13) 1.0
(p = 0.331)
65 20.2 256 79.8 0.68 (0.56–0.82) 10.3
(p = 0.001)
Evening 160 20.8 128 80.0 32 20.0 0.98 (0.69–1.38) 0.1
(p = 0.796)
16 10.0 144 90.0 1.55 (0.96–2.49) 4.7
(p = 0.030)
Early
Morning
76 9.9 63 82.9 13 17.1 1.18 (0.67–2.09) 0.3
(p = 0.571)
5 4.4 72 94.7 2.48 (1.02–6.00) 5.3
(p = 0.021)
Unknown 66 8.6 51 77.3 15 22.7 5 7.6 61 92.4
a Females and children have been used as the control groups
b NP = not presented for variables where case numbers amounted to four deaths and under
c UTBC = unable to be calculated
d A modified Bonferroni test has been applied meaning statistical significance is deemed at p<0.04.
doi:10.1371/journal.pone.0160709.t003
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compared to females, males were 2.66 more likely to drown in rivers as a result of watercraft
incidents (χ2 = 10.9; p<0.04) and 4.27 times more likely as a result of jumping in (χ2 = 5.3;
p<0.04). (Table 2)
When comparing activity prior to drowning in rivers between children and adults, children
were 1.75 times more likely to drown as a result of a fall into water (χ2 = 6.3; p<0.04) and
adults were 8.60 times more likely to drown in rivers when participating in an activity coded as
other when compared to children (χ2 = 8.8; p = 0.04). (Table 2)
Fig 1. Drowning deaths in rivers by financial year, number by sex and crude rate per 100,000 population,
Australia, 2002/03 to 2011/12 (N = 770).
doi:10.1371/journal.pone.0160709.g001
Fig 2. Drowning deaths in rivers by age group and sex, and crude rate by age group per 100,000 population,
Australia, 2002/03 to 2011/12 (N = 770).
doi:10.1371/journal.pone.0160709.g002
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Aboriginal and Torres Strait Islanders accounted for 10.6% of all drowning deaths in rivers,
of these 24.4% were children and 75.6% adults. (Table 2) Almost three quarters (74.0%) of all
river drowning victims were local to the area where they drowned, a further 20.3% were intra-
state or interstate travellers. Just 2.7% of all river drowning victims were international tourists
(of which all were adults). (Table 3)
The largest proportion of river drowning deaths occurred in inner regional locations
(29.4%). Proportionally, compared to population distribution, very remote areas recorded the
highest crude rate of fatal drowning with an average rate of fatal drowning at 4.57 per 100,000
population, with people in very remote areas drowning in rivers at a rate of 28.76 (CI: 18.08–
45.73) times that of people who drown in rivers in major cities. . . Over half (χ2 = 107.3;
p<0.05) of Indigenous victims drowned in rivers in very remote areas. (Table 3) The crude rate
of drowning by remoteness classification for Indigenous river drowning victims was higher
across all remoteness classifications when compared to non-Indigenous river drowning vic-
tims, with the exception of remote areas. Indigenous people drowned at a rate of 0.33 in major
cities, compared to 0.16 for non-indigenous people, 1.29 compared to 0.56 for inner regional,
2.12 compared to 0.95 for outer regional, 1.31 compared to 1.62 for remote and 5.12 compared
to 4.20 for very remote areas. Over a third of all river drowning victims (37.4%) were known to
have a pre-existing medical condition (95.1% adults) (Table 2). The most common categories
of medical conditions were diseases of the circulatory system (such as ischemic heart disease,
hypertension and cardiomyopathy) (14.8% of all drowning victims in rivers), followed by men-
tal and behavioural disorders (such as dementia, autism and depression) (11.4%) and diseases
of the nervous system (such as epilepsy and multiple sclerosis) (4.4%).
Almost half of all river drowning cases (41.7%) occurred in the afternoon. (Table 2) The
time of day of the drowning incident was not found to be significant for adults, however chil-
dren were more likely (χ2 = 10.3; p<0.04) to drown in rivers in the afternoon (Table 3)
Alcohol was known to be present (BAC readings of0.05%) in 25.5% of cases (6.2% chil-
dren; 28.8% adults), however information on BAC was missing in 32.9% of cases. The mean
age of river drowning victims who recorded positive readings for alcohol was 41.7 years (male
40.7 years; female 46.9 years). The mean BAC recorded was 0.21% (male 0.21%; female 0.20%).
(Table 2)
Discussion
Preventing drowning in rivers is a significant challenge due to the number and locations of riv-
ers, diversity of activity prior to drowning and a lack of known prevention strategies [4]. Seven
areas have been identified where further work in developing prevention strategies might help
in reducing river drowning deaths, noting that further work is required to understand exposure
as this influences potential risk.
Identifying river drowning
Drowning in rivers is a little explored area, compounded by the lack of a specific location code
within the ICD coding framework which is used internationally to categorise cause of death
[4]. This study, for the first time, describes the epidemiology of river drowning deaths at a
country level as its sole focus. There is a need for a greater understanding of river drowning in
Australia given the burden, and we hypothesize that rivers may represent similar burdens
internationally [9]. Further research on river drowning deaths is needed as rivers have a differ-
ent morphology from other aquatic locations [30]. Alternative coding mechanisms need to be
employed [31] to better identify rivers as a location for drowning and develop more effective
prevention strategies.
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Further research is also required around exposure. Exposure is one of the significant chal-
lenges for understanding risk around drowning in general [4] (and river drowning specifically)
and is a challenge to collect at the macro level (i.e. how often they visit a river location in a
given time period) but especially at the micro level (i.e. what was the person doing at the loca-
tion and for how long), ignoring the challenges around water depth, speed and temperature
among other factors.
To our knowledge two Australian studies have explored river exposure. Using a population
health survey, the first study compared drowning mortality and hospitalised morbidity rates by
population rates of exposure by location and activity [32]. It should be noted that this study
only examined people in one Australian state (New South Wales) and grouped rivers into
broader exposure to water (e.g. swimming pools, beach, lake, river, creek, stream or dam). The
second study, which also utilised a community survey, only looked at the activity of swimming
in a river (albeit nationally), which found that the majority of people (80%) had not swum in a
river over the previous 12 months [33]. Thus rates based on exposure are likely to be higher
than what is reported for the whole population in this paper.
Role of alcohol in river drowning
Alcohol is known to be a risk factor for drowning [13]. This study has found high blood alcohol
levels in river drowning victims, an average BAC of 0.20%, four times the legal driving limit in
Australia. Such significant levels of alcohol are likely to increase one’s risk of drowning. Pro-
posed strategies such as greater enforcement [34] (more active breathalysing of skippers, the
establishment of no drinking zones around popular river locations and associated penalties) as
well as increased public education and awareness of the role of alcohol in river drowning
should be explored. Any preventative strategies employed must be evaluated to determine
effectiveness [4].
Pre-existing medical conditions
Two in five adult river drowning victims were known to have a pre-existing medical condition,
however it is unknown if this contributed to their death. Further work is required to compare
the prevalence of particular pre-existing medical conditions within the river drowning cohort
and the Australian population to determine risk. A medical check-up, particularly for those
who go diving [35–37], has been recommended and, as such, should be tested to see if it may
be a viable strategy for the prevention of drowning in rivers.
Males and females
Males made up the majority of river drowning deaths, however the profiles differed. Females
were proportionately more likely to drown as a result of incidents involving non-aquatic trans-
port (2.27 times) and being swept away by floodwaters (4.45 times) and males as a result of
watercraft incidents (2.66 times) and jumping in (4.27 times). Males have been identified as
greater risk takers, including for drowning [38] and lessons from other areas of injury preven-
tion [39–40] may be transferable to the prevention of drowning deaths. This is an area that
needs to be explored in greater detail.
There is a need for better understanding of river usage by gender (exposure studies) to
inform prevention. Further work is also needed to understand the nature of watercraft drown-
ing incidents in rivers. For example a study by Smith identified the need to targeting alcohol
and boating safety campaigns to both skippers and passengers and to broaden the prohibition
of drinking to not only being while the boat is under way [34].
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Children and adults
Adults and children have different profiles when it comes to drowning in rivers. Children were
more likely to drown as a result of falls (unintended access) (33.6%) and to drown in the after-
noon (57.5%), whereas, when compared to children, adults were at an increased risk of drown-
ing in rivers if alcohol was known to be involved (28.8%).
Supervision has been recommended as a strategy for the prevention of drowning in children
[41–43], however there is little evidence about this being an effective strategy for river drown-
ing, nor information around how this strategy should be communicated [44–45]. Lifejackets
have also been proposed as another prevention strategy [46–47]. However all strategies need to
be validated for effectiveness at a river setting.
Visitor status of river drowning victims
While the media [35, 48] may more commonly highlight the drowning of a tourist, the major-
ity (74.0%) of river drowning victims are locals. Prevention strategies targeted at local people
are likely to have the greatest impact, however this is a challenge in Australia based on size and
population distribution. Other challenges exist in communicating safety information as there
may be a familiarity or perceived ‘local knowledge’ that may lead to people underestimating
their drowning risk. This should be explored further through exposure and attitudinal studies.
Remoteness of river drowning incident location
As river drowning locations became more remote, the relative risk based on the population
residing in those areas increased, with very remote locations recording fatal unintentional
drownings in rivers at a rate (4.57) that is 28.76 times higher than river drowning deaths in
major cities (0.16). Almost half (45.1%) of all Indigenous victims drowned in rivers in very
remote areas, recording a rate of 5.12 drowning deaths per 100,0000 population compared to
4.20 for non-Indigenous people within the same remoteness classification. Strategies for the
prevention of drowning in isolated areas will be a major challenge due to the dispersion of the
population over large areas as well as the difficulties and costs in reaching large numbers of
people efficiently [49–51]. Indigenous-specific river drowning prevention strategies must be
developed in partnership with Indigenous communities [52].
It has been argued that all adults [53–54] should be equipped with cardio-pulmonary resus-
citation (CPR) skills. There is a lack of information on CPR with respect to river drowning vic-
tims. Therefore it was not included and further research is required into the use of CPR and its
effectiveness in the prevention of river drowning deaths. Such skills may improve bystanders’
response in locations where timely medical assistance may be difficult due to remoteness. Fur-
ther research is required to determine if CPR was performed in these cases, if the victim was
alone when they drowned, whether emergency services were called, and if any of these factors
would have varied the fatal outcome.
Any strategies which are delivered need to include an evaluation component, as there is a
lack [4] of evidence to show what works and does not work to prevent drowning in rivers.
Understanding drowning in rivers may also help prevent drowning internationally, as rivers
are a common location for drowning across the world [1, 4].
Limitations
• Cases where intent was unlikely to be known or where the coroner has made an open finding
were included. This may overestimate the number of unintentional fatal drownings in rivers
as 10.1% of closed cases recorded an intention of ‘unlikely to be known’ and a further 2.5% of
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cases were coded ‘undetermined intent’ as cases were under investigation within the NCIS.
However this information is also cross checked with media and other reports so the numbers
should not change significantly.
• Information for some variables may be limited due to 6.9% of cases being open (i.e. under
investigation) within the coronial system at the time of publishing. This limits the access of
the researcher to case files such as coronial finding and autopsy, toxicology and police
reports. This affects variables such as pre-existing medical condition, activity prior to drown-
ing and presence of alcohol.
• Access to toxicology and autopsy reports is not available in all cases (e.g. case files not elec-
tronically uploaded or autopsy or toxicology testing is not performed, or the case is under
investigation), thus impacting our understanding of the involvement of alcohol and drugs.
Data on the victim's BAC level was unknown in 32.9% of cases.
• Calculations for crude fatal drowning rates by population of remoteness classifications uses
an average from three years 2001, 2006 and 2011 (Australian Census years) for population
and drowning data from 2002/03 to 2011/12. This may produce rates that are not as accurate
as if population data was available for each year of drowning data.
• There is limited exposure data available around drowning in general and river drowning spe-
cifically. Therefore, calculations of relative risk include only people in the study (i.e. those
people who died as a result of an unintentional drowning in a river) and do not take into
account the total exposed population.
• Cadavers that have been submerged in water for a period of time naturally produce alcohol
[19]. Therefore due to a lack of reliable information on the amount of time between death
and autopsy/toxicological testing, BACs represented in this dataset may be artificially inflated
due to decomposition.
• Where Indigenous status was unknown, for the purposes of calculating rates, the ‘unknown’
group were included with the ‘no’. This may underestimate the number of Indigenous people
within the population. However we note that the average age of the ‘unknown’ group was
similar to that of the ‘no’ group (Table 2).
Conclusion
Rivers were the leading location for unintentional fatal drowning in Australia between 2002
and 2012. This study has highlighted the differences in river drowning deaths between males
and females, adults and children. Locals, adults who consume alcohol, those who fall in or use
watercraft, and those in very remote locations were common groupings among drowning
deaths in rivers in Australia. There is a need for the development, implementation and evalua-
tion of strategies to prevent further drowning in Australian rivers.
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